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THEORY OF THE ARCHED STATOR DRIVE. 
By P. A. FRIDKIN. (From Bulletin of the Soviet Academy of Sciences, 1945, Nos. 1-2, pp. 80-93). 


IN the latest machines of the arched stator design, the 
arc of the stator usually is less than 100 degrees and is 
puilt in the same way as the stator of an ordinary in- 
duction motor. The combination of a small number of 
poles with a small rotational speed in r.p.m., which is 
one of the chief characteristics of the arched stator 
principle, makes for a small weight and relatively high 
efficiency of this type of machine. Thus, for example, 
an arched stator for 1500 kW. and 77 r.p.m. synchronous 

» equipped with 9 pole pairs and designed for a 
frequency of 50 cycles per second and a voltage of 6,000 
volts, intended as rolling mill drive, possesses the weight 
and power characteristics of an ordinary machine with 
9 pole pairs. 

The shape of the open arch permits to build the 
machine with any desired arch in combination with an 
independent rotor. The latter may form with its shaft 
and its bearings and other component parts an entirely 
independent machine which therefore can be built in 
the most economical manner. Where a large flywheel 
effect is required, the drum or any other rotating part of 
the machine to be driven is used for the accommodation 
of the squirrel cage. 

In 1941 a simple method for minimising the mag- 
netic losses occurring at the extreme poles of the arch 
was devised, thus improving the efficiency of the 
machine. The nominal rating amounting to single 
kilowatts in the case of the first machines built in the 
period from 1931-1936 has been increased to hundreds 
of kilowatts in present day machines. Today arched 
stators find application especially in connection with 
ball mills and rod mills, pit hoists, constant speed 
rolling mills, reciprocating pumps, and other slow speed 
machines. Ball mills and rod mills equipped with 
arched stators are considerably lighter in weight than 
mills equipped with the ordinary type of drive. This 
applies equally well to pit hoists furnished with arched 
Stators, and also to constant speed rolling mills and 
other types of slow speed machinery. The present 
article presents a theory of the arched stator and pro- 
vides basic information regarding the computation of the 
chief dimensions of the arched stator. It also deals 
with certain improvements made in the design of the 
arched stator. 


THE TURNING FORCE EXERTED BY THE 


STATOR. 


The momentary turning moment exerted by the 
stator upon one rotor conductor is given by 


f= B.%.1.. Ae ae (1) 
B= Bysinx as a (2) 
and tg = 1, max Sin (x — ge) .. ve (3) 


The angle y, represents the phase angle by which 
the current in the conductor lags behind the electro- 
oie force. By combining formulae (1), (2) and (3) 
it obtains : 


f = B,.I,max .sinx.sin(x— q,)1.. (4) 


The mean value of the force applied during a half-cycle 
Is given by 


It is also 


7 


, | 
f=-— | By Iz max sin x sin (x — q) ldx = 

a 

0 


7 
By Igmax l 
———— | sin x sin (x — 9.) dx (5) 


0 


T 


It also is 
7 7 


{si x sin (x—q,) dx= |i x (sin x cos ~,—cos x sin @,) dx 


0 0 
7 7 


= | sin? x cos ax—|sin xcosxsing,dx (6) 


0 0 
It is further 
7 
1—cos 2x 
sin? x cos p, dx=cos yp, | — dx = 
2 
0 


COS Pz sin 2x7 COS Pz 
= [« — | = a (7) 
2 2 0 2 





7 


7 
| sin x con sin psd ~ sin y,\ udu = 
0 


0 


sin? x ]7 
= SiN M2 [ +s &@ 
2 0 


From equations (5), (7) and (8) it therefore obtains : 


Bi Inmax | COS Pz Bi Inmax / cos @, 
ie 7 = (9) 
7 2 2 
The force f is obtained in dynes if B, is given in gauss, 
I,max in absolute electromagnetic units, and / in centi- 
metres. In order to obtain f in kg. with J being given 
in amperes, formula (9) must be written : 
-1 By Inmax 1 cos P2 
{= i (6 
981,000 . 10 2 


As I; max = +/ Bde where J, is the effective current in 
the conductor, it becomes 








B, I, 1 cos q. 
f= ~ aa «« , ¢8) 
V/ 2. 0-981 . 107 
By dividing the turning force exerted by the conductor 
by the length of the machine and the pitch ¢, of the 
rotor conductors, the turning force per sq. cm. of the 
rotor, that is to say, the specific turning force, is given by 
i B, I, cosq, 
A= ~~ 
It, = -4/2..0-981.. 1072, 
Ey: 
— = AS, 
le 


B, AS, cos 9 








It is further 





sothat f; = —— [kg./sq. cm.].. (12) 
/ 2. 0-981 . 107 
It is of interest to determine the nominal force ob- 
taining in an actual machine. 
Example 1. B, = 4,670; AS, = 547 
Xs 8 
COS ~. = COs arc tan eet ied 0:9963 ; 
R,’ 
4670 .547 .0-996 
fi = —————_ = 0183 [kg./sq. cm.] 
/ 2.0981. 10? 
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Example 2. Bi = 6,450; AS, = 404; cos g, = 0-995 


6450 .404.0-995 
fi = ——— = 0:186 jky.isq. cm.] 


4/2. 0-981 . 107 


Example 1 refers to the arched stator of a machine 
delivering 480 kW. at a synchronous speed of 25.3 r.p.m. 
with a voltage cf 3,000 volts. This machine was built 
in 1943 to serve as drive for a ball mill. Example 2 
refers to the arched stator of a machine delivering 
1,500 kW. at a syncnronous speed of 77:5 r.p.m., the 
voltage being 6,000 volts. This’ machine represents a 
mill drive built in 1943. The factor ft can be taken the 
greater the larger the facto 7, the smaller the air gap, 
the more intense the ventilation, the higher the heat re- 
sistance and specific heat conductivity of the insulating 
material used for the stator, and the lower the operating 
voltage. For machines intended for intermittent 
operation, values for f; may be as large as 1 kg. per sq. 
cm., and even more because of the sharp increases in 
AS, and B,. 

In the starting of a machine with short-circuited rotor 
circuit the value for B, decreases with the increase in 
the voltage drop taking place in the windings of the 
stator; AS, increases, but cos g, decreases because it 
attains a value corresponding to a slip s = 1, that is to 


say, 
Xa" 
COS Y, = cos arc tan — 
R,’ 

Inshunt-type machines for constant current, 
starting takes place with B, having its full value, but 
cos y, of course must attain unity, and each 100 per cent 
of starting current yields therefore an equivalent 100 
per cent of starting torque which cannot be achieved 
with the short circuited rotor of an induction machine. 
Formula (12) furnishes the basis of the suggestion that 
an induction machine should be compounded by means 
of a series-condenser in the circuit of the stator, hereby 
increasing the effective starting coefficient of machines 
of this type. : 

The formula for the turning force can also be given 
in the following form. It may denote £,s, the effective 
value of the electromagnetic force under conditions of 
slip, induced in the rotor per cm. of axial length of the 
stator ; kz is the total resistance in ohms per sq. cm. of 
rotor, corresponding to the given slip. This resistance 
also includes the coil ends and is given per cm. of axial 
length of the stator; kg is the resistance in ohms per 
sq. cm. of the active belt of the rotor. It is 

E35; Bi vs 10° 
AS; = ae 
K; / 2 Kr 
Kr 
COS Y2 = ay as .« - 14) 
Z 

By substitution, formula (12) takes the form : 

B, AS, cos Po Kr 

{= ——— = 0551. Bi? vs 
/ 2.0-981. 10? K,* 

The absolute magnitudes of Kz and Kz will approach 
each other with diminishing slip of the rotor. Formula 
(15) shows more clearly than formula (12) that larger 
values for f; are possible with larger values for 7. During 
starting B, will fall, vs will increase towards the syn- 

: Ka 
chronous speed v, and the ratio will'‘become smaller. 
Z 


TURNING MOMENT, POWER OUTPUT, AND 
SLIPPAGE LOSSES. 


The total turning force is found from formula (12).as 


(13) 


10-15 [kg./sq. cm.] 
(15) 
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B, AS, cos gz 
Fy = ennenpeetonntione S ae -» (36) 
VV 2.0-981 . 10’ 
where S is the active section of the belt of the stator, 
If this is given in sq. cm., then F; will be obtained in 
kg. The power output is given by 
B, AS, cos P2 s 1 B, AS, cos 9, 


ee Sv, (17) 
2. 10° 


= 
2 


/2.0:981.107 102 


_ where v, is the linear rotor speed at the radius of the 


stator boring. If this velocity is given in m. per sec., P 
will. be obtained in kW. from formula (17). The 
magnitude of the turning moment is obtained from 
formula (16) as 
B, AS, cos 9, 
M = SSS SR oe =» (8 
V/2.0-981 . 10? 

If the radius R of the stator bore is given in metres, 
M; will be obtained in kg. m. The slippage losses can 
be found from 

B, AS, cos Pz 
P= SO, a a s. (GS) 
V2. 10° 
which is sirhilar to formula (17) given for P. By pro- 
ceeding from formula (15) the expressions for F,, P, 
Mi, and P., can be obtained in the alternative forms 
Kp 


F, = 0-51 Bi? vs oo. 1078 (ke)... a. CD 
K? 
Kp 


S vz. 10717 (kW.) -- (2) 


2 
Z 


P = 0-50 Bi? vs 


Kp 
Mt = 0°51 Bi? vs SR.10* (Gg.m:) .. (2) 

2 

Z 

Kp 
3 107 (RW)... oo ie) 

2 

Zz 
RADIAL MAGNETIC FORCES EXERTED BY 

THE STATOR. 


We introduce the following notations (Fig. 1): 
Fm = resultant radially acting magnetic stator force, 
Fny = vertical component of Fm; Fmx’ = horizontal 
component of Fm, having positive sign, Fmx” = hori- 


P,, = 0:50 Bi? v,? 


-zontal component of Fm having negative sign; k = 


Carter coefficient, g = central angle enclosed by the 
arched stator; 9,, ~, = angles enclosed by the ends of 
the arched stator with the positive branch of the abscissa 
O—X. In Fig. 1 is shown the general case in which 
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(19) 
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(20) 
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the arch of the stator is unsymmetrically arranged with 
regard to the vertical axis. The formula yielding the 
radial magnetic forces will be established on the basis of 


this general case, of which the symmetrical arrangement 


characterised by the line of symmetry of the stator arch 
coinciding with the vertical axis, represents a particular 
case. The resultant magnetic pull exerted by the stator 
upon the rotor (in the case of a sinusoidal field) is given 


by 
Bi:\? 
Fn’ = 05 (=) RS ws <a” (2) 
5000 


The factor Fmy represents the sum total of the vertically 
projected radial unit forces, that is to say 


P2 P2 P2 
Fny = 2 fmy= 2 fm sinx = fmZ sinx (25) 
Pi fi fi 
where x is the angle made by the vector of each radial 


unit force with the positive branch of the abscissa 
O—X. Substituting gy = vy. — ,, it can be written 


P2 
fm 2 sin x = fm (2 — Y,) Sinm xX = Fm’ sinmx (26) 


—1 
The mean value sinmx of the sine of the angle x within 
the limits -~, and gy, is then obtained as 
P2 
1 COS YP; — COS Ps 

sin x dx = (27) 

P21 2 
Pi 





siNm x= 


and it becomes 
COS Y,— COS 2 


Be? 
Fny = Fm’ sinnx = 0-5 (—) kS 
5000 yp 
(28) 


An arched stator enclosing, for example, an angle 
y = 90 deg., may be so arranged that in one case the 
angle g = 90 deg. constitutes the quadrant of the co- 
ordinate system, while in an alternative case the angle » 
is halved by the Y-axis of the coordinate system. In 
the latter case the stator will exert a vertical pull upon 
the rotor, the resultant pulling force passing through the 
point of origin of the coordinate system. It will be of 
interest to investigate the respective magnetic pulls 
exerted in these two positions. In the first case it is 

COS Y; — COS Pz cos 0° — cos 90° 2 





Pp 7 


7 

2 

and in the second case 
COS YP; — COS Py cos 45° — cos 135° 

= 0:9 





YP 7 
2 
so that 0-9 — —— } = 0-29 = 29 per cent. 
7 
For the symmetrical disposition of the stator it is 
: 4 QP 
cos py, = — cos my, = sin — 


80 that formula (28) takes the form 


oe 
2 sin — 


By > 2 
Fny = 05 (— kS ———_.. (29) 
* \ 5000 Y 
The horizontal components Fmx’ and Fmx” can then 
be obtained in the same way as the force Fmy. 
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Let km denote the ratio of the sum total of the pro- 
jections of all the radially directed forces of the arched 
stator upon any given axis to the sum total of the forces 
assumed to act in mutually parallel directions. It then is 

Fmy COS YP, — COS Pz 
kmy = = ee GD 
| = 4 Pp 
and for the particular case represented by formula (29) 
it will be 





ms 
2 sin— 


ee 


7 
The horizontal components Fmx’ and Fm x” will be. 


Fmx” 


Fim.’ 

To obtain numerical value for Fmx’ and Fm,” it will 
therefore be sufficient to know the coefficients km x’ and 
kmx”. In the general case of an unsymmetrical arrange- 
ment of the stator we have 


: jg nen 


* 1 — sin 9, 
Rmx’ os cos x dx = ——————— (32) 
T 


yo ee 


sin pg, — 1 
cos x dx = ——————___.._ (33) 


P2— 


so that 


amas 2 
2 


By \4 sin g, — 1 
Fmx” = 05 (—) kS, —————  .._ (35) 
5000 


7 
= 
y 
Here S, constitutes the part of the active belt of the 
stator situate at one side of the O — X axis and S, is the 
part situate at the other side of the O— X axis. For 
the particular case of symmetry with the O — Y axis, it 
becomes 





= 
n= -—_ Pe a ae. & 

2 

T+ 


ee mia oo gn, ee 
2 


Y 
sin py, = sin gy, = cos — a. a. 
y. 


S 


S, ™ S, = (39) 


In this case therefore the formulae (32), (33), (34), and 
(35) take the form 


4 
1—cos — 


THE ENGINEERS’ DIGEST 


Bi \? 2 

Fox” = 05 (—) kS —————_. ..._ (43) 
5000 Q 

A graphic representation of the expression 


ae +7 
2 sin — 1—cos — 
2 : Z 


and kmx = 2 is shown 


kmy = 
si ? 
in Fig. 2. 

From the formulae (42) and (43) it is seen that with 
small arches (expressed in degrees) the absolute 
magnitude of Fmx’ and Fmx” is decreased. This means 
that the difference between these forces will be only 
small if the air gaps happen to be unequal at the two 
sides of the stator. This is important in cases where the 
arched stator is applied to such machines as ball mills 
and others where considerable lateral displacement of 
the rotating shaft occurs in the course of operation. If 
the lateral displacement a of the shaft is expressed as a 
fraction of the average air gap, the ratio of the air gaps 
——-* at two arbitrarily selected points of the stator 
will be 


8, 1+a.cosx, 
- > un .. (44) 
oe 1 + a. cos x, 
where cos x, and cos x, are algebraic functions of the 
angles made by the radii coordinated with the points in 
question with the positive branch of the O — X axis. 
If the stator is situate unsymmetrically with respect 
to the O— Y axis, a displacement of the stator arch 
relative to the O—X axis will be signified by the 
following relationships between the respective air gaps at 
the point of intersection of stator and O — X axis, to 





pa ee (1 + acos x) dx 
7 
eae 
7 


2 
7 7 
(»- =) [=—», + a(1 — sin 9) | 
7 7 
(=-» )[»— = — a —sin gs) | 
“) 2 


In considering the horizontal displacement of the 
rotating shaft, the danger of rubbing between rotor and 
stator increases with increasing angles g, and in the 
general case it is 





) 
&x = es -. (46) 
cos Px - 
where 5x is the lateral displacement of the shaft which 
causes rubbing of rotor and stator. This displacement 
is called the critical air gap ; gx is the angle made by the 
radius of the point considered with the positive branch 
of the O — X axis. 
With symmetrical disposition of the stator with 
respect to the O — Y axis, it is 


cos x; = — cos x, = sin — 
where @ is the angle encompassed by the arch of the 
stator and x, and x, are the projections of the ends of the 
arch of the stator upon the O — X axis. Formula (44) 


SO 


oO 60 120 180 240. 300 ~~ 330" 
Fig. 2. Graph showing the functions. 


Ph 
2sin— 
(1) kmy = 2 ) 
U4 


YP 


1 
(2) kmx = 
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can therefore be written re) 
F . L+asin— 
vhich 8x 2 sin— 
ment tases tae 2 
y ° otc A ball mill equipped with a double arched stator 
ranc Sex 1—a@sin— drive is shown in Fig. 3. This unit was constructed in 
will 2 1939. Its salient data are as follows : 
thi bs Sa blend rae fe ?. d Output 240 kW. per stator 
In this case it is also sin gy, = sin gy, = cos » an Synchronous speed 29-8 r.p.m 
; : Fn’ = 30,500 kg. gy = 175 deg. 
it therefore is A . Remy == 0-655 kmx = 0-627 
of the —-+a (1 — cos ~) Fmy = Fm’ kmy = 20,000 kg. 
of the i: 4 2 Su 


a (44) 





PULCTT TNE 





— = .. (48) 
dm ( *) 
1—cos — 


——a 
2 2 

This relationship is charted in Fig. 2 for values of 

a = 0-1 and a = 0:2. The critical air gap for the 

symmetrical arrangement of the stator arch can be ob- 

tained from formula (46) considering that in this case 


? 
cos yx = sin — and it therefore becomes 
2 


Ll 
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Fig. 3. 


Fix’ = 9,700 kg. — ~ 1-22 
Sex 


dm 


— ~ 1135 
m2 
2 (Fmx’ — Fmx”) =* 4,900 kg. 
Air gap = 15mm.; Critical air gap 5x <~ 6 
A single arched stator drive for a ball mill is shown 
in Fig. 4. This unit was built in 1943. Its output is 
480 kW. and its synchronous speed is 25:3 r.p.m.; the 
stator angle is m = 88 deg. It is Fm’ = 24,700 kg. ; 
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Ball mill equipped with double arched stator drive built in 1939. 


2x 240 kW. ; synchronous speed 29°8 r.p.m. ; 3,000 volts ; 50 cycles per second. 
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Fig. 4. Ball mill equipped with single arched stator drive built in 1943. 
480 kW. ; synchronous speed 258 r.p.m.; 3,000 volts; 50 cycles per second, 
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Rmy == 0-905 ; Rmx — 0-365 ; Funy = Fn’ Rmy = 
22,400 kg.; Fmx’ = 4,500 kg. 
Assuming a lateral displacement of the shaft by 10 
8 


1k 
per cent of the air gap, it is ~ 15. From 
2k 


formula (48) it is found that —— 1-075. It is further 


m2 


DIGEST 


Fmx’ 


= 1:15 and Fmx = Fmx’ — Fmx” = 627 kg. 

Frmx” . re 

From formula (49) it is found that the critical air gap 
is dx = 1-446. With a normal air gap of 3 mm. and a 
stator of p = 175 deg. itis § = 3-0 mm. With a stator 
of » = 88 deg. itis 6x = 1-445 = 43mm. Anarched 
stator drive supplied for a ball mill of 2500 mm. dia- 
meter and 3900 mm. length in 1943 develops 280 kW. 
with 25:3 r.p.m. synchronous speed. The angle of the 
arch is 70-4 deg. and the critical air gap is 1-735. 


NOVEL MICROHARDNESS TESTER AND ITS APPLICATION. 
By R. Woxin. (From Jernkontorets Annaler, Vol. 129, 1945, pp. 243-272). 


HARDNESS is defined as the resistance offered by one 
body to penetration by another body, the amount of 
resistance offered depending both upon the speed of 
penetration and the shape of the penetrating body. As 
different penetrating bodies or “‘ indenters”? are em- 
ployed in the various hardness testing methods, the 
numerical hardness values obtained with the different 
methods are not directly comparable. Hardness testing 
can be carried out by 

1. Static measuring methods 

2. Dynamic measuring methods 

3. Special methods, as, for instance, scratch 

tests. 
Static hardness measuring methods can be divided 

into two groups, namely, (a) methods in which the 
hardness number is determined by dividing the test load 


by the area of the permanent indent produced (Brinell- 


Hy, Vickers Hgy), (b) methods in which the hardness 
number is determined from the difference of the indents 
produced by minor and major load (Rockwell Hpgc, 
Hyg; Alpha durometer number). 

In the following a new hardness number Hw—the 
Woxén number—is introduced which belongs to the 
second category. 

The Vickers number for a diamond pyramid with a 
facet angle of 136 degrees is given by 


2 Pp sin 68° —:1-854 Py 
a) a 


where Py is the test load in kg, and dp is the diagonal of 
the indent in mm. (see Fig. 1). The various types of 
indents produced by the diamond pyramid are shown in. 
Figs. la, 1b, lc. Fig. la refers to a material in which 
the indentation produces an elevation round the indent 
proper; Fig. 1b shows a case in which the material 
surrounding the impression retains its original level, and 
Fig. 1c shows a case in which indentation is accom- 
panied by a depression of the surrounding material. 





Hgy = kg. persq.mm. (1) 


It will denote 

h, depth of indent in microns produced by the 
minor load. P; (grams) 

h’, elevation (+) or depression (—) in microns 
of the material surrounding the indent and 
produced by the minor load P; (grams) 

h, depth of indent in microns caused by the 
major load Pp (grams) 

h’, elevation (+) or depression (—) in microns 
of the material surrounding the indent and 
produced by the major load Pp (grams) 

d = h,-h, difference in indents in microns. 
In order to find the relationship between h,, h., P,, 
and Py, we introduce : 
Re oh — Ce h, + h’, = Cy hy 
According to formula (1) it will then be 
Py (h, +h’, )? F h, : 
Pp Lh, +h’, J Cy hy 
By making c, = c. = c, it becomes 
Pt h, 


ae 


Pr 
and h, = fe But it ish = h, — h, and therefore 
'P 


(2) 


h, = —— 
1— 


h 
fe 

P p 

In the case of a pyramid with a facet angle of 
136 degrees the ratio of the diagonal to the depth is 
/'8.tan 68 deg. = 7-02. Formula (1) can therefore 


be written 
1-854 Pp 


” [7-02 (h-+h’s)]2 


37°83 Py 
(Cz hg)? 

















Rg 


Fig. 1. Indents produced by diamond pyramid indenter. 


(a) surrounding material raised (b) surrounding material unaffected 
(c) surrounding material depressed. 
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or by combining with formula (2) 


Pe 2 
37°83 Py [1—/%] 
Py 


(c.h)? 
Equation (3) can also be written 
1-854. Pp 
Hgy = ssi ae kg. per sq. mm. a (4) 
Dp 

where dp is the diagonal of the indent (in microns) 
obtained with the major load. It is convenient to in- 
troduce the factor 





Hey = kg. per sq. mm. (3) 


Apy 
he = ofa de =, Cea 


p 
According to formula (2) the diagonal dp can be ex- 
pressed by ae, 
dy = V 8 tan 68 deg. ch, 
7:02.c.h 


= ay os (6) 
a 


z 
FE 


Pp 

Equations (3) and (4) will yield identical values for 
Hgy if proportionality exists at all loads between the 
depth of impression and the elevation or depression 
surrounding the point of indentation. Measurements 
have shown that this may be assumed to be the case if 
the penetrating body is of exact shape and the tested 
piece is completely homogeneous and has a true plane 
surface. In the microhardness tester described below 
it is the difference of depth of penetration A which is 
measured and not the product c.h. A new hardness 
number Hy must therefore be introduced which is 
given by 


— 2 
37-83 . Py f —/%) 
P, J 


Hy = kg. per sq. mm. (7a) 
h? 
According to formula (2) it * 





and equation (7a) can therefore be written 
37-83 . P; 
Hy, = ————__ ... x -» (7) 
h,? 
where the Woxén number Hy can be defined as the 
major load divided by the indentation area, that is, the 
area of that part of the indenter which after removal of 
the major load is situate below the original level of the 
test piece. Formula (7b) can also be written 
Ay 
=—.. (8) 
Pp 


where ky is a factor similar to the factor kgy defined by 
equation (5). It will be readily understood that the 
values of Hy and Hpy will be identical if ¢ = 1, that is 
to say if the process of indentation causes neither 
clevation nor depression of the surrounding material ; 
but generally it is c¢1. 

From formulae (3) and (8) we obtain 


Hy, euk \* Hw 
= and c = J a (9) 
y h Hgy 


Where c represents a factor of hardenability. 
Several types of this novel microhardness tester de- 


kw 
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Fig. 3. Microhardness measu instrument with measur- 
ing microscope (1945 model). 





Fig. 4. Indents in soft iron. 

Magnification 595 x. Scale 0°7:1. 
signed by the author in collaboration with the firm of 
C. E. Johansson, A.B., are shown in Figs. 2 and 3. 

Fig. 2 shows a microhardness tester with a test 
piece (1) placed below the diamond indenter (2). . The 
table (3) of the instrument can be lowered or raised by 
means of the lever (4). The weight (5) serves as the 
minor load, while the major load is applied by the joint 
exertion of the weights (5) and (6) upon the indenter, 





288 FHE BENGINEERS’ DIGEST 


The minor load is applied by manipulation of the lever 
(7), while the major load is brought to bear upon the 
indenter by means of the excenter (9) and the lever (8). 


f5p 
44 
13 
12 


40 
09 


Fig. 5. Vickers hardness number and difference in depth of 
indent h of crystals in brass piece. 


Magnification 153 x. Scale 1:3. 


The key (10) serves to shift the indenter sideways. Tie 
depth of the indent is indicated on the dial (11). The 
1945 model of the microhardness tester is. illustrated in 
Fig. 3. In this type lowering or lifting of the measuring 
system is carried out by means of a screw arranged in tie 
interior of the pillar carrying the measuring system. A 
measuring microscope is seen to be provided. The in- 
dents obtained in a soft iron as used in relay construc- 
tion are illustrated in Fig. 4.. In this case the depression 
of the material surrounding the indents was found to be 
h’, 
= = — 12 per cént. The test pieces of this 0-02- 
2 
0-03 C. material had been cold rolled from 4 mm. down 
to 0-5 mm. and then heat treated at 550 deg. C. in order 
to obtain smallest possible grain size. The results of 
the hardness test were as follows : 
Py: 
Py 
h = 1-59 microns 
dp 17-7 microns 
Hy = 114 kg. per sq. mm. 
Hgy = 148 kg. per sq. mm. 
c = 0°88 
h’, 
— = — 12 per cent. 
2 
The variation in the hardness of the individual 
a in the surface of a piece of brass is illustrated in 
ig. 5. 


= — (grams/grams) 


RADIAL AND LATERAL REACTIONS ACTING UPON THE WHEELS 


OF A MOTOR CAR. 
(From E. A. TsupaKov’s Book, “‘ Theory of the Automobile,” Moscow, 1944, pp. 103-117). 
(Concluded from the October issue). 


In the preceding instalment it has been shown that 

uneven distribution of the tractive force upon the 

driving wheels affects the magnitude of the radial re- 

actions to which the rear axles of the vehicle are subject. 

An analogous analysis will now be made of the radial re- 

actions exerted upon the wheels of the front axle. In 

this case the distribution of the forces will be as indi- 

cated in Fig. 37. Here the moment Yo (hg — h,) is 

seen to act in clockwise direction, that is to say, it 

opposes the corresponding moment acting upon the 

rear-axle in anti-clockwise direction. The radial re- 

actions acting upon the wheels of the front axle will 
therefore be 

m, G, hg he—h, 
xX’, = —+Y,-— —Yo de! ES) 
2. > B B 
m,G, hg he—h, 
Xx”, = —-— Y, — + Yo as °4@6) 
2 B B 
By introducing the expressions for Y, (formula (16)), 
Y, (formula (17)) and Yo (formula (55)) into the 


me! ae Yol hgh ) 


Ls 
| 
| 
| 








coal 





| 
! 


x; 
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Fig. 37. Distribution of forces acting upon front axle of 
automobile making a turn, for uneven distribution of tractive 
force over wheels of rear axle. 





equations (73)-(76) it becomes 
m, G, v? 1 


The coefficients m, and m, in equations (77)—(80) 
can be expressed as functions of the coefficient yp as 
given by equations (35) and (36). But this coefficient in 
turn is a function of the dimensions of the vehicle and of 
its motion (equations (19) and (19a)). By introducing 
into the equations (77)—(80) the expressions for the co- 
efficients m, and m., and yp (equations (35), (36), and 
(19a)), we obtain the equations for the radial reactions X 
acting upon the wheels of the vehicle in the general case, 
and the ratio of radial reaction to the weight which rests 





ee I i eee. a ees 


ar oe Se ee 
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upon the axle concerned can now be established 94 
ae | aie p? 1 dou da 
te ff — +—| b+ — rea ee ar 
G od gR g b R a L dt B 
hg—(2k—1) h, & dv 
a Zu? + f+ — — 
g dt 
1 dv v da) 
— —+— — 
R dt L dt 





5 
Zv+f+ ——y|.. (84) 
2a g dt 
If we assume that the vehicle travels at constant speed 
d 


dv od 

— =0 | through a curve of constant radius | —=0 | , 

dt ac | 
then the formulae (81)-(84) take the respective forms: 


Xx, vw hg  hg—(2k—1) h, 
. nents RSLS .. Cte 
2b 

he +(2k—1) hy 


2b ; 
hg—(2k—1) hz 
ei ae (Z v? +f) .. (83a) 
a 


vw he hg+(2k—1) he 
“pe —$$ 


Z v?+f).. (82a) 


(Z v?+f).. (84a) 
gRB 2a 
Furthermore, if k=0-5, that is, if the tractive force 


is evenly distributed upon the rear wheels, the radial re- 
actions will be given by 


Xx | 1 dv 
ee cf 
R dt 


5 dv 
[2 v+f+— | (81b) 
b g dt 


3 1 dv 
——-+ 
R dt 


v dua v 
-— | (84b) 
L. dt 

Finally if it is smed that ae “05 oat that the 


vehicle travels at constant speed = 0]| through 


dt 


dt 


rd 
a curve of constant radius (= aa then it is 


x, 


1 
G, 2 
1 


v? hg 5 
+-—— prechaach -» (8lc) 
gR B 
Xx", v he = 
a, SS, 
y gR B 2b 
1 v? hg hg 
pt ee Ae 
G. 2 gRB_ 2a 
ae > 3 v? hg hg 
—=- —— — + a SUH .. (B4e) 


G,. 2 B 
In Figs (38)~-50) are given a series of graphs 
which show the specific radial reactions as functions of 


x's 


‘ ee ae 8 
the physical data of the vehicle | —; —;—; —3;k 
Eb -L  £ 
vw da 
—3; ~— 3 
t dt 
In these graphs the radial reactions for the different 
parameters are plotted against the velocity v of the 
vehicle. In Figs. (38) and (39) the specific radial re- 
actions are shown as functions of the speed v for various 


and also of the motion of the vehicle (v ; 


a 
magnitudes of the factor . which defines the disposi- 


2 
* 02,0:35,0'5,0°65,08 4 a. 0-2;0'35,05,0-65,0°8 


L 


2 
ao 


4\7 
7 


Fig. 38. Influence of travelling 
speed v upon specific radial re- 
actions for different position of the 
centre of gravity on the length axis of 


the vehicle and for positive a 
it 
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tion of the centre of gravity on the longitudinal axis of 
the vehicle. According to the equations (81)—(84) the 


a 
influence of the factor — upon the radial reactions 
L 


Oo 
varies with the factor ——, that is, the turning speed of 
1 Site 
the front wheels. 
In consideration of this fact Fig. 38 is established 


da 
for values of —— = 0-2 radians per second, and Fig. 39 
dt 
da 
for —- = — 0-2 radians per second. The respective 
dt 


a 
numerical values for — used in the computation of the 
iD 











various curves are indicated in the graphs. These d a, 96 v he hg 

curves are established for a value k = 0-5, the respective at a — ole 3 — ——(Zv*+f) — =0 

equations being da LB dt 2a? 

x’ 1 fee ag p? \v da lhe 

anne 5. Dageses ee — —|F _ x e+) (81d) The reaction =. will therefore attain a 

Gy 2s lege g bjL a 

0 GRIER 1 ( p?)uv da Whe 4 ly i ae a 

—=-—| —+— | b4+— | — — |— — — (204 f) (82d) minimumif a,’?=p?+ ——g.B. 

G, 2 eee coe Sb) Ji sae eee 4 da 

X,/ 1 [vv 1 p? \}v da The 2v — 

‘conus tips ae cee tiie, “cet = pamee 2 

G 2 gR ~ Pe a yl a. 38 + = (2v +4) C34) It can also be shown that for a certain speed 

x” 1 o8 1 da lh a v the radial reactions X”, and X”, acting upon 
ee ee toe 2 ee th _ il + —(Zo*+f) (84d) the inside wheels can decrease to zero. = 

G. 2 LeR g » J Lé ib 2a speed can be found by equating the first 





From Fig. 38 it will be seen that for the given condi- 
tions an increase in the speed wv leads to a considerable 
increase in radial reaction upon the inside wheels and to 
a decrease in radial reaction upon the outside wheels. 

a 
Also, an increase in the ratio — corresponding to a 
shifting of the centre of gravity towards the rear axle, 
causes a decrease in the radial reactions on the inside 
wheels, and an increase in the radial reactions on the 
outside wheels. 

Referring to the right hand side of Fig. 38 the specific 

a, 


radial reaction Nan increases up to a certain value of “ed 

If this value is exceeded, then the specific radial reaction 

oli begins to decrease. In order to determine the value 
1 Xx", 

of a for which — attains a maximum, we establish 
1 
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Fig. 39. Influence of travelling speed 
v_upon specific radial reactions for 
different position of the centre of 
gravity on the length axis of the 


dy 
vehicle and for negative values of a 
t 


30 40 50 


the first derivative of equation (82d) which reads 
d kr 1 [ p? i; hg da 
Ey | ees NS) ee eee) ee ee 
da \G; g (L—a)? _|L i dt 
g 
— ——_ (20 + f) 
2 (L—a)? 
Equating the right hand side to zero, we obtain 
Lv+f 

—- g. BB. L 

d 


od 
2v — 


(L—a,)*=p*+ 


dt 
From the left hand side graph of Fig. A is seen 
a 2 
that for a certain value for - the reaction ——__ will 


attainaminimum. By differentiating equation (84d) we 
obtain 


derivative of equation (82d) to zero. 





- 


vari 


Fis 
sp 


gal 








hg hg a p? 1 
of | ————+—Z2Z | +o | l—-——— 


g.B.R 2b L Lt a 
L 
he dx f{ fhe ) 
g.B dt b | 


If this speed is exceeded, the equations (81d)—(84d) 
lose their physical meaning as negative radial reactions 
X cannot possibly occur. In Fig. 38 the limiting speeds 


a 
obtained with different values for — are connected by 
ye 


curves which represent the respective limit-curves and 
herewith the range of validity of the graph in respect to 
speed of the vehicle. 
Fig. 39 differs from eg only insofar as it is based 
da a 
on —-+=—0-2 instead of —-=+0-2. Here it is seen 
dt dt 
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dy 
of —. 

dt 


ds 


e+ f) 


is seen 
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B4d) we 
)— =0 
2a* 


attain a 
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da 
that for negative values for ——, corresponding to an 
dt 
increasing radius R, the radial reactions increase as far as 
the inside wheels are concerned, while they decrease in 
respect to the outside wheels. ee 
In the graphs shown in Fig. 40, which is based on 


v misec ¥ 10 


% p 
—=0-2, the factor — represents the independent 
zB 


dt 


p 
variable. This graph shows that an increase in —, 
E 


£ = O,0:2,0:3,0-4, 


Fig. 41. Influence of the travelling 
speed v upon specific radial reactions 


for different values of 7 and for ne- 


da 
gative values of —. 
dt 
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L = O'l,O-2,0°3,0-4,0°5 


Fig. 40 Influence of the travelling 
speed v upon specific radial reactions 


for different values of - and for 


da 
positive values —. . 
dt 


30 40 le) 


that is, a dispersal of the mass of the vehicle, greatly 
affects the radial reactions acting upon the wheels of 
both axles. The radial reactions acting upon the out- 
side wheel of the front axle is increased, and that acting 
upon the inside wheel of that axle is decreased. - Vice 
versa, the radial reaction exerted upon the outside wheel 
of the rear axle is decreased and that acting upon the 
inside wheel of that axle is —— Corresponding 


a 
graphs for negative values of —— are shown in Fig. 41. 
‘ dt 
Fig. 42 illustrates the influence of the factor k, that 
is, of the distribution of the tractive effort, upon the 
me x 
G G, 
o9 


£ = 0:1,02,0:3,04,0-5 


0-8 
O-7 
0-6 
o-5 
o4 
o3 
o2 


O-l 





10 


mjsec v 20 40 


Fig. 42. Influence of travelling 
speed v upon specific radial re- 
actions for different coefficients k. 


40 SO 
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radial reactions acting upon the wheels of both axles. 
For the purpose of this graph the equations (81)—(84) 
were written in the following form : 


1 vw hg hg—(2 R—1)hy 


=—-+— — — 


gr SB 26 
hgt(2 k—I)h, 


26 


he—(2 k—I)hy 
————.(Zv'? +f) (83e) 


(Zv?+f) (8le) 


hg+(2 k—1)h, 
+ —$— 


G, 2a 

Referring to Fig. 42 it will be readily seen that the 
factor k is of very little influence upon the magnitude of 
the radial reaction. Larger factors tend to produce a 
slightly smaller reaction with regard to the outer wheel 
of the front axle and a slightly smaller reaction with re- 
gard to the inner wheel of the front axle; while the 
position is revérsed in respect of the wheels of the rear 
axle. For a certain speed v of the vehicle the k-cha- 
racteristics are seen to intersect with the abscissa. This 
speed can be found by equating formula (82e) to zero so 
that 


(Zv*+f) (84e) 





nee b— [he + Qk—1) hil f 





2hg.b 
+ [hg + 2k —1) hy) Z 
g.B.R 


x, _X 


Fig. 44. Influence of travelling speed 
v upon specific radial reactions for 


hg 
different values of 7 and negative 


da 
values of —. 
. dt 


(Zv?+f) (82e) 


“3 = O1,0:2,0:3,0-4,05 


‘ Figs. 43 and 44 exemplify the influence of the factor 
ins upon the relationship between the speed v and the re- 
EL 


action forces. These graphs are based on the equations 


da 
(81d)—(83d), the factor on = 0-2 being used for Fig. 
t 


da 
43 and the factor —— = — 0-2 for Fig. 44. In Fig. 43 
dt 
the radial reactions exerted upon the outer wheels of both 
axles are seen to increase with increasing values for 


nd while the radial reactions acting upon the inner 
wheels of — axles are seen to decrease. For negative 
v4 
values of = (Fig. 44) the radia! reactions, to which the 
t 
inner wheels are subject, are found to increase and those 
acting upon the outer wheels to decrease. 
The relationship between the radial reactions and the 
B 
speed wv for different values for— are exemplified by 
L 
Figs. 45 and 46. These graphs are based upon the 
> cee (81d)—(84d), > 45 referring to a factor 
a a 
= = 0-2 and Fig. 46 to —- = — 0:2. By compar- 
d 


t t 
ing Figs. 43 and 44 with Figs. 45 and 46 it is seen that 
with all other conditions remaining equal, the effect of 


/ 


4 


Fig. 43. Influence of travelling speed 
v upon specific radial reactions for 


g 
different values of _ and positive 


da 
values of —. 
dt 


hg 
2+ 01,02,03,04,05 
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= 03;0°4,0-5,0-6,0-7 = 03,04,05,06,07 


Fig. 45. Influence of travelling speed 
v upon specific radial reactions for 


different values of “¥ and positive 


da 
coefficients —, 
dt 


1 the 40 30 20 
factor 
' ” 
npar- % x X 
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1 that os 
ect of o-7 
” Fig. 46. Influence of travelling speed 
2 0-6 Vv upon speciSc — reactions for 
oO5 different values of = and negative 
O-4 da 
coefficients ——. 
o-3 dt 
speed = 
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Fig. 47. Influence of travell speed 
Vv upon radial reactions for — 

. a 
radii R and positive values of ry 
it 
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the factor B upon the magnitude of the radial reactions 


& 
is the reverse of that exerted by the factor —-. For a 
L 


certain velocity v with a given —— (Fig. 45) the radial 

reaction X”, intersects with the abscissa. The limit- 
> 

curve of the corresponding values for —— is drawn in 


the right hand side of Fig. 45. As is also the limit-curve 
& 


for — in the left hand side of Fig. 45. 
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Influence of travelling speed 
v upon radial reactions for different 


Fig. 50. 


Vv 
values of —. 
dt 
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da 
. on — = 0-2 and Fig. 48 on —- = — 0-2. 
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Fig. 48. Influence of travelling speed 
v upon radial reactions for different 


dg 
radii R and negative values of —— 
dt 


30 40 so 


The graphs reproduced in Figs. 47 and 48 exemplify 
the relationship existing between the radial reactions and 
the speed v for different curve radii R. Fig. 47 is based 


du 
It will be 
dt dt 


seen that an increase in the radius R is accompanied by a 
reduction in the magnitude of the radial reactions which 
act upon the outer wheels, while the reaction forces 
acting upon the inner wheels of both axles are increased. 
The points at which the radial reaction-characteristics 
X”, intersect with the abscissa (right hand side of Fig. 
47) indicate the speed wv at which the reaction exerted 
upon the inside wheel of the front axle is zero. Cor- 


= 0:2,0:1,0;-O-+4,-0-2 


Fig. 49. Influence of travelling speed 
v upon radial reactions for different 
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values of —. 
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responding limit curves are shown for the co-ordinated 
characteristics of the other reactions. 

In Fig. 49 is shown a set of two graphs which illus- 
trate the influence of the speed v upon the radial re- 


actions for different values of ——-. These graphs show 
dt 
da 


that an increase in —— leads to a considerable rise in the 
dt 


_radial reactions exerted upon the outer wheels, and to a 


corresponding reduction in. the magnitude of the re- 
actions to which the inside wheels of both axles are 
subject. The range of applicability of these graphs 
extends to the speed wv at which one of the radial re- 
actions exerted upon the inner wheels has fallen to - 
lv 
Fig. 50 evidences the influence of the oe 
t 
upon the relation between the radial reactions and the 
speed v. These characteristics were established by 
evaluating the formulae (81)—(84) in the form: 
x 1 v2 1 p? dv] hg 
Beet 


b 


dt_|B 


—_= - —_ =. —— 


G, 2 gR eR 
5 dv 

—— | 2w+f+i——! (if) 
g dt 
1 a | (s p? iF hg 


dt |B 


b 


=_— —_—_ 


G, 2 gR gR 


hg 5 dv 
ee [2 p f+ =| (82f) 
2b g dt 


p? dv hg 
be — | — [— + 
a jdt jB 


hg dv 
+ —| Zo*+ f+——] (836) 
g dt 


2a 
> an v 1 p? | du|hg 
—--—| Pe, PAE al bee) <2 
me 2 gR_ gR a jdatj\B 
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he 5 dv 
—— | 2Zv+f+—-— (84f) 
2a g at 
dv 
The acceleration — is seen to be of relatively slight 
dt 
influence upon the radial reactions. If the acceleration 
dv 
— is increased, with all other conditions remaining un- 


t 
changed, the radial reactions acting upon the front 
wheels will decrease, and those acting upon the rear 
wheels will increase. This goes to show that there must 
exist a limiting speed v at which the radial reactions 
acting upon the inside wheel of one of the axles (in this 
case the front axle) attain zero value. This limiting 
speed may be found from equation (82f) as 


1 hg p” dv hg . 8 dv 

-— b+—|— — —| fr = 

‘ae 7. g.B.R b jat 2b g dt 

a he he Z 
oa 
g.B.R 26 

In all these investigations the tacit assumption was 
made that the sum total of the reactions acting upon the 
four wheels of the car is equal to the weight of the vehicle 
This assumption agrees fairly well with reality as long as 
the maximum travelling speed does not exceed 180-200 
km. per hour, and provided that the present day type 
of car bonnet is retained. But at very high speeds the 
pressure of the air in the space between the road surface 
and the underside of the car will exert a considerable 
lifting force upon the car so that the sum total of the 
radial reactions will be less than the weight of the car. 
This is of great importance in the case of racing cars, 
and must be carefully taken into account by providing 
a bonnet of appropriate shape. Even with the usual 
present-day bonnet shapes of ordinary cars, a certain 
increase in the forces which keep the car on the road can 
be achieved, so that the sum total of the radial reactions 
exceeds the weight of the car by a certain margin. 
This will increase the tractive power that can be trans- 
mitted to the rear axles owing to a better adhesion of the 
tyres to the road, and will make the car less liable to skid. 








THE DEVELOPMENT OF CONSTANT-PRESSURE GAS-TURBINES 
FOR AIRCRAFT* 


By A. E. HINTERMANN. (From Flugwehr &-Technik, Vol. 7, No. 3, March, 1945, pp. 81-84). 


INTRODUCTION. 

THE power requirements in present-day aircraft, and 
that of the near future, are in the range of 2000 to 
8000 h.p. As it is this range of power for which the 
gas turbine appears to be most suited, it is intended to 
give a survey of the thermal efficiencies obtainable, 
the latter being one of the essential criteria as to the 
usefulness of the power plant. The propulsive effi- 
ciency which is a function of speed, will not be dealt 
with here. ‘ 

The thermal efficiency is defined as the ratio of the 
heat equivalent of the useful power at the turbine 
coupling to the heat supplied to the turbine. - 

Referring to Fig. 1 it can be seen immediately what 
minimum values of yn must be obtained if the gas 
turbine is to compete successfully with Otto and with 
Diesel engines. This interpretation, of course, is 
admissible only as long as the ratio weight of fuel 
carried to total weight remains the same. With sta- 
tionary and marine plants the thermal efficiency has a 
somewhat different meaning, as the price of fuel burnt 
(fuel oil instead of Diesel oil) is much lower. 


CYCLES. 
It is well known that the operation of any heat 
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Fig. 1. Thermal efficiency as a function of specific fuel 


consumption for various calorific values. 
Hy = lower calorific value. 





*This article is the 4th which has so far appeared on the subject 
in the ENGINEERS’ DicEst. (See Vol. V., 1944, p. 221 and p. 249, 
and Vol. VI., p. 160). Further contributions are in preparation.— 
Editor, E.D. e 
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engine can be represented by a cycle, generally plotted 
in T-S co-ordinates. A few possible cycles will be 
investigated in the following. _The notation employed 
is given below : 

T = absolute temperature (deg. K. = 273 + 

deg. Cels.) ‘ 

p = absolute pressure (kg./m?) 

Indices, e.g., p. and T,, refer to the state of the 
working fluid, as shown in the T-—S diagram. 


nv = compressor efficiency 
Nr = turbine efficiency 
Ne = telative efficiency 
ntn* = theoretical thermal efficiency of cycle (ideal 
heat engine) 
yin = thermal efficiency including losses (actual heat 
engine) 


Ly = useful power (mkg./sec.) 
Ly = power input into compressor (mkg./sec.) 
L, = , ag output of turbine (mkg./sec.) 


y— 


Ly 
cp 
x=— 
Cy 
Cp = specific heat of working fluid at constant 
pressure 
cy = specific heat of working fluid at constant 
volume 
Qzy = heat supplied 
Qa» = heat rejected 
T .. refers to turbine 
V .. refers to compressor 


(a) The Carnot cycle. 
The cycle of a perfect heat engine, giving maximum 
¥g-0 7 


T; 
in an actual heat engine, so for in* = 0-7 the ‘maxi- 
mum temperature would be T, = 1000 deg. K. (with 
T, = 300 deg. K.) and the pressure pmax = 270 at. abs. 
(with pmin = 1 at. abs.) which means too great pressure 
ratio and too high thermal strain. There exists only one 
cycle, namely the dual-isothermal cycle with regenera- 
tion of the exhaust heat, which is theoretically equivalent 
to the Carnot cycle, and gives useful efficiencies at 
moderate pressure ratios and moderate absolute 
pressures. This cycle can be approximated in a multi- 


thermal efficiency yin* = cannot be realized 


stage gas-turbine operating on either the open or closed 
cycle principle. 

Fig. 2 shows the diagrammatic lay-out of a single- 
The operation of such’a 


stage, closed cycle gas-turbine. 
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Fig. 2. Diagram of a single-stage closed-cycle gas turbine. 

(a) Gas turbine (5) compressor (c) heat exchanger (d) air cooler (e) 

combustion chamber (f) fuel injector (g) air pre-heater for combus- 
tion air (h) air inlet (¢) exhaust discharge (k) generator. 
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gas-turbine with its cooling system does appear to be less 
promising for aeronautical purposes than the open cycie 


turbine. The following, therefore, even if part!y 
applicable to both cycles, is intended to refer 
particularly to the open cycle. 


(b) Cycles suitable for mobile prime movers. 

The single-stage dual-adiabatic cycle with heat 
supplied and heat rejected at constant pressures (without 
regeneration of exhaust heat) (Fig. 3). 
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Fig. 3. Arrangement and T-S diagram of a single-stage 
dual-adiabatic cycle without regeneration of exhaust heat. 


The single-stage dual-adiabatic cycle with heat 
supplied at constant pressure and regeneration of exhaust 


heat 
T, (P. )*—!1 T; 
nth*® = 1|— ee on x = 1— — 
T; (hi Ts 
(c) Further possible cycles. 
Isothermal compression, heat supplied at constant 


pressure, adiabatic expansion, and heat rejected at 
constant pressure (without regeneration of exhaust heat) 


a—! P2 Pa — 
. T; loge —_ oL T; —_ —l 
1 Pi 








Rae 
ntn* =1— 
T; —T, 
Isothermal compression, heat supplied at constant 
pressure, adiabatic expansion and regeneration of 
exhaustijheat. 
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Adiabatic compression, heat supplied at constant 
pressure, isothermal expansion and heat rejected at 
constant pressure (without regeneration of exhaust heat) 
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Adiabatic compression, heat supplied at constant 
pressure, isothermal expansion and regeneration of 


exhaust heat 
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Fig. 4, , Arrangement and T-S diagram of a two-stage dual- 
adiabatic cycle without regeneration of exhaust heat. 
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All the above cycles can be employed also in multi- 
stage arrangements. So, for instance, Fig. 4 shows the 
dual adiabatic cycle with inter-cooling and reheat (two 
combustion chambers), where two compressors and two 
turbines are connected in series. 

There is a great number of possible cycles, however, 
listing them here would serve no purpose, as for aero- 
nautical applications the cycles under (6) proved both 
theoretically and experimentally most suitable. They 
will have to be dealt with more closely. 


(d) Detailed consideration of the dual-adiabatic cycle with 
and without regeneration of exhaust heat. 
The numerical evaluation of the equations given 


- under (6), and their graphical representation in Fig. 5, 


brings out clearly two facts to be noted : 
(1) For the cycle without regeneration of the exhaust 
heat the theoretical thermal efficiency is solely depen- 


Pe 

dent on the pressure ratio —, as X for a given working 
Pi 

fluid can be assumed as constant. 

(2) For the cycle with regeneration of the exhaust 
heat, 7tn* is dependent on the quantity of heat supplied. 
It is worth noting that the dependence of 7tn* is re- 
versed to that of the cycle without regeneration, i.e., 
maximum efficiency is obtained for low pressure ratio. 
At a certain pressure ratio 7tn* is independent of the 
application or non-application of regeneration. This 
is the case when T, = T,, i.e., when the compression 
end temperature equals the expansion end temperature, 


(e) Thermal 2fficiencies, including losses (actual heat 
engine). 
With the open cycle, the initial conditions p, and T, 
cannot be chosen freely, but are determined by at- 
mospheric conditions, which in aviation vary greatly. 
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Fig. 5. Theoretical thermal efficiency as a function of the 
pressure ratio for a constant pressure dual-adiabatic cycle, 
with and without regeneration of exhaust heat. 

<—»—x— without regeneration of exhaust heat 
with regeneration of exhaust heat for H = 11 km. 
— — — — with regeneration of exhaust heat for H = 0 km, 
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T; is limited by the properties of materials available at 
resent, and thus the pressure ratio is fixed in certain 

its. Further, a great number of losses has to be 
considered. Apart from the losses in compressor and 
turbine, regeneration cannot take place completely, as 
this would necessitate infinite heat exchanger surfaces. 
Also, the flow of the working fluid through the heat- 
exchanger is connected with appreciable pressure 
losses. Further losses are due to friction in bearings, 
incomplete combustion, heat conduction and radiation. 
The specific heats are not constant, they vary with 
temperature and fuel-air ratio. All these losses cannot 
be expressed generally but demand careful analysis 
for each individual design. 

At the present stage of development, the installation 
of a. heat-exchanger in aircraft appears to be im- 
practicable for both weight and aerodynamic reasons. 
To illustrate the losses it is, therefore, best to consider 
the aeronautical gas-turbine, such as shown in Fig. 3. 

Using the notation given above, the useful power can 
be expressed as 

Ly 
Ly = ng. L = nr L1 — —3 where L = Ly — Ly. 
Nv 
Ly 
NT + Lr — 
qv 
Ly ues Ly 
y I 1 

we have ng = nr _ 


Then, 1 > 


eae 
Ly . T, T; 

Because of ¥ = — it follows alsothat ¥ = —- = —. 
Ly 7; 7. 


The relative efficiency 7, has been plotted in Fig. 6, 
in accordance with above formula, for two assumed 
component efficiencies. 

The actual thermal efficiency is then ytn = y¢- ytn*, 
and this relationship can be shown graphically by com- 
bining Figs. 5 and 6, bearing in mind that 


Ts [= ] a 
y— — ——_ x 
T, pi J 
This is shown. in Fig. 7 for the assumed turbine inlet 

temperature T; = 900 deg. K. (i.e., 627 deg. C.), a 
permissible value for long life. It can be seen that for 


P2 
present day values for —- = 4 to 6, and ny, = 0-80, 
Pi 
Nr = 0°85, the actual efficiency yn is 0-16'at sea level 
and 0-25 at 11,000 m. An improvement of both ny and 
Nr to 0:90 would increase Htn to 0-26 at sea level and 
0:36 at 11,000 m. This illustrates the extreme im- 
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Fig. 6. Relative efficiency as a function of temperature ratio. 
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Fig. 7. Actual thermal efficiency as a function of pressure 
‘ratio for a constant-pressure gas-turbine without regenera- 
tion of exhaust heat; single stage, dual-adiabatic cycle 
(according to Fig. 3). 

portance of high compressor and turbine efficiencies, 

The losses due to incomplete combustion, radiation, 
etc., should now be taken into account. Experience 
shows that these losses reduce the ytn obtained above 
by 10 to 20 per cent. In Fig. 1 the losses have been 
taken to be 15 per cent, and for the values of 7tn from 
Fig. 7 thus reduced, the fuel consumptions can be read 

ff. 


As Fig. 7 shows, high thermal efficiencies can only be 
obtained for high pressure ratios. However, the higher 
the pressure ratio, the more difficult it is to obtain high 
compressor efficiencies. This fact is very disadvan- 
tageous, and it will require a great deal of research work 
till high pressure ratios at high values of 7, can be 
= 16 is 


DP: 
realized. (For nr = ny = 0-9 a ratio pol 


p 
required at 11,000 m. altitude (See Fig. 7). 


THE SUPERSONIC REFLECTOSCOPE FOR INTERNAL INSPECTION. 


Ry F. A. FIRESTONE and E. N. SIMONS. 


THE supersonic reflectoscope is an instrument for 
the measurement or the non-destructive testing of solid 
parts for flaws by sending supersonic sound waves 
into the part and observing reflections from the boun- 
daries of the part or from any flaws within it. 

The principle on which the flaw detection is based 
is the use of a wave length short enough to secure 
rectilinear propagation of supersonic radiation. The 
word supersonic refers merely to the fact that the 
frequency of the sound waves used is higher than 
audible. This high frequency is necessary for in- 
specting metals also because, in order to get appre- 
ciable reflection from a flaw, the wave length must not 
exceed the smallest lateral dimension of the latter by 
too large a factor. Most known materials will transmit 


(From Metal Progress, Vol. 48, No. 3, Sept., 1945, pp. 505-516). * 


supersonic waves whose wave length is 4 of an inch 
or less over a useful range of distance, and this opens 
up the prospect of detecting flaws in the interior of 
bodies opaque to light. 

The application of the reflectoscope to the inspection 
of a block of metal is shown in Fig. 1. A quartz om 


* Owing to the importance of the subject dealt with in the 
following article we deviate from our usual practice of publishing 
only abstracts from the Continental press. 

It is a joint abstract of two articles in the American periodical, 
** Metal Progress,” the first of which is written by F. A. Firestone, 
of the Departments of Physics and Engineering, University of 
Michigan, Ann Arbor, Mich., and the second by E. N. Simons, 
of Edgar Allen Ltd., Sheffield, England. Professor Firestone is 
also consultant for Sperry Products, Inc. of Hoboken, N.J., manu- 
facturers of the equipment described.—Ep1Tor, E.D. 
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makes effective contact with the work through a thin 
film of oil on the surface of the work. Now when an 
oscillatory voltage is applied, through conductive 
coatings, on the crystal, the latter grows thicker and 
thinner in synchronism with the electrical oscillations. 
This causes the crystal to radiate pressure waves in the 
work. ‘The frequency is chosen so as to make the wave 
length of the resulting sound wave very much less 
than the distance between the boundaries of the medium 
being investigated ; typical operation would consist in 
applying 500 volts to the crystal at a frequency of 5 MC. 
(5 million cycles per second). 





Fig. 2. Reflectoscope with 9-in. oscilloscope screen. One- 
¢rystal-method is used and the crystal is being held against a 
block under test, 


Fig. 3. Small industrial reflectoscope using the two-crystal- 
method. The crystals mounted on a common support in 
, position on a block under investigation. 


later, the crystal is not energised continuously, but 
only for a short time, say, | microsecond (1 millionth of 
a second); this is achieved through a “trigger 
mechanism.” 

Thus, in the above example, a group of only five 
waves is radiated ; the wave length in steel or aluminium 
at this frequency is approximately 0-05 in. and the total 
length of the wave group is 0-25 in. If the crystal is 
0-5 in. square the waves will be radiated in a beam, 
whose cross section is also 0-5 in. square, and will travel 
(in steel or aluminium) at a speed of about 1 in. in 
4 microseconds. Upofh-reaching the bottom face of 
the work the wave group will be reflected and will get ° 
back to the crystal 32 microseconds after having been 
sent out, if the thickness of the work is 4 in. 

The quartz crystal also has the property that when 
it is subjected to an oscillatory pressure it generates a 
small oscillatory voltage between its coatings which 
(in the present example) might be in the order of 0-05 
volts. This voltage is amplified and indicated on a 
cathode ray oscilloscope in such a manner as to enable 
the time of the round-trip flight of the waves to be 
measured. 

If now the work in Fig. 1 has a small flaw below the 
surface on which the crystal rests, a small amount of 
wave energy which passes it will be reflected back to- 
wards the crystal and will arrive before the waves 
reflected from the other side of the piece. Thus the 
presence of an interior flaw will be indicated by the 
receipt of a reflection in advance of the reflection from 
the other face of the piece; the distance of the flaw 
from the crystal can be determined by measuring the 
time of the round-trip flight of the reflection from the 
flaw with an accuracy of less than one-sixteenth of an 
inch, and its position laterally can be located to within 
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Echo from flaw Bottom echo 
Fig. 4. Oscillogram showing bottom echo as well as echo 
from flaw. 


s& Post ee ' 
Fig. 5. Oscilloscope pattern of Sweeping and Timing System 
of Reflectoscope Fig. 2. Crystal not energised. Each notch 

represents a microsecond interval. 
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Fig. 7. Same as Fig. 6, but taken on different spot of surface. 
Flaw reflection at time F. Flaw consists of 0-012 in. hole’ 
drilled into the block 3 in. below the surface. 
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© tanks, etc. 
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Fig. 8. P orignal pulse. 


Weld testing with reflectoscope. 
S reflection from opposite end of the assembly. 





Fig. 9. Same as Fig. 8, but taken at a place where the weld 
was only partly continuous. F reflection from the weld. 


one-eighth of an inch by noting that the reflection 
will be strongest when the flaw lies on the axis of the 
beam. 

For convenience the whole process of sending out 
the wave group and observing reflections is repeated 
60 times per second so that the successive paths traced 
by the moving spot of light on the oscillograph screen 
repeat often enough so that the eye observes them as 
persistent curves. On the other hand, this gives a 
sufficiently long interval between the individual emitted 
wave groups which is necessary to ensure that the 
successive echoes die out before another transmission 
occurs. The crystal may be slid along the surface of 
the work thereby continuously inspecting the region 
along its axis. The same crystal can be used both for 
sending out and receiving the waves, though sometimes 
two separate crystals are being used. 

Fig. 2 shows a large reflectoscope using one crystal 
while Fig: 3 shows a smaller type industrial reflecto- 
scope using two separate crystals. Fig. 4 shows an 
oscillogram showing the bottom echo as well as an echo 
from a flaw. The oscillograms Figs. 5 to 11 have 
been taken with the reflectoscope shown in Fig. 2, the 
time of exposure in each case being half a second 
(corresponding to 30 impulses). 

BWhen a flaw is closer to the crystal than 0.5 in, 
the waves reflected by the flaw may be received before 
the transmitted wave group ends; this problem has 
been solved by special methods. Waves sent out by 
curved crystals converge and, beyond the focal point, 
diverge again. This type of crystal is advantageous, 
for instance, for measuring wall thicknesses of pipes, 
Sometimes the flaw is so situated that 
there is no region on the surface at which the crystal 
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Fig. 11. Same as Fig. 10, but brass sample with grain size 





Fig. 10. Measurement of average grain size. Brass sample 
with grain size 0:03 |mm. as ed by micr p 0-105 mm. Only 3 successive reflections a are visible on 
Note 12 successive reflections in reflectogram. reflectogram. 


can be placed for detection ; for instance railway axles 
inside the wheel seat where the diameter is larger 
than at the end of the axle. In such cases the waves 
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: . Ime Marker) 
can be transmitted to the flaw at right angles to the Mams 
surface on which the crystal sits. The reflectoscope Adaph 
can also be used to determine the level of the liquid in a — thee 
tank when only the lateral wall is accessible, as the Recower 1 Ts Oe 
number of echoes obtained when measuring in the amet Topenitr 


filled part of a tank is considerably less, due to absorbtion woes | Vi 
of energy, than the number of reflections obtained on the . wi 




















empty part of the tank. If the bottom of the tank is 
accessible, the level of the liquid can also be measured 
by sending beams vertically through the liquid. 

The reflectoscope can also be used for determining 
holes or unfused areas in welds but does not directly 
measure the strength of the weld. It can also be used 
for measuring the average grain size, the rate at which 
the waves are scattered or absorbed in a metal being 


CAVITATION TEST OF HYDRAULIC TURBINE 














a 2 
Reflections DECIMIEN 
From Bottom 4 


Fig. 12. Schematic Diagram of Reflectoscope using the two- 
crystal-method (see Fig. 3). 
used as a measure. By proper choice of frequency and 


wave length this method can be made sensitive in 
different ranges of grain size. 


MODEL. 


By E. Stace. (From Teknisk Tidskrift, Vol. 37, Sept 15, 1945, pp. 1003-1007). 


THE main purpose of the cavitation testing of hydraulic 
turbines is to determine the cavitation limit that is the 
operating condition of incipient cavitation. This limit 
Is termed the cavitation coefficient o which is given by 
aS 
the relation o = - where H, is the atmos- 
lang pressure, Hs is the draught head and H is the 
ead, 
In the test either the head or the draught head, or 
both, are progressively increased until the turbine 
efficiency begins to decrease with the water quantity at 
the same time increasing. The test result is then 
charted, so that power output, efficiency, and water 
Tate are shown as functions of the draught head. This 
d of test is not usually carried very far into the 
tegion of cavitation, in order to avoid damage to the 
test equipment by vibrations and water hammer. In 
order to be able to carry out a closer study of the cavi- 
tation phenomenon, it is, however, desirable to make it 
Possible to operate the turbine under conditions of 
fully developed cavitation. 
In his investigation of the cavitation problem in 
Kaplan turbines, Prof. Dahl has coined the expression 
Impact section.” If strong cavitation occurs, the 
flow of the water through the runner is not any more 
Omogencous, but cavities are formed in which only 
‘he water vapour pressure prevails. The flow of water 
leaving the runner does not quite fill the inlet area of 
the draught tube, but is partly surrounded by voids in 


which vacuum prevails. These cavities disappear only 
in the lower part of the draught tube ; the water then 
completely fills the tube area. This sudden change 
in the velocity of the water flow causes an impact, and 
the place at which it occurs is the aforementioned 
impact section. 

No experimental data with regard to the existence of 
this impact section have heretofore been published, 
at least not relative to hydraulic turbines. Turbine 
models for cavitation tests are generally made to re- 
semble the actual turbine as closely as possible, and for 
this reason are equipped with curved draught tubes. 
Reduced scale turbines for commercial testing are 
usually installed with the shaft in the horizontal position; 
and the draft tube is therefore curved so that the water 
discharged from the wheel undergoes a change in 
direction by 90 deg. in the draught tube. 

The velocity of flow in the draught tube is therefore 
considerably retarded within a short distance, and it is 
difficult to observe the formation of the impact section. 
For this reason it is to be preferred to use a turbine 
with vertical draught tube for this test. Such a turbine, 
which is installed at the test station of Nydqvist and 
Holm A.B. at Trollhattan, is outlined in Fig. 1. Upon 
Prof. Dahl’s suggestion, this unit was designed with a 
view of facilitating observation of the pressure charac- 
teristics of the draught tube. 

When operated without the occurrence of cavitation 
the measured vacuum in the draught tube will agree 
satisfactorily with the theoretical static negative pressure 
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Experimental turbine equipped for measuring 


Fig. 1. 
vacuum in draught tube. 


head plus the velocity head according to 


Cs” 
h= Hs + — [ml] (vacuum) 
2g 


Cs” ‘ 
or h= H,—H;s——— [m] (absolute pressure) 
2 


& 
where ¢s is the water velocity prevailing at the point of 
measurement. 

If either the pressure or the suction head are in- 
creased so that cavitation takes place, almost full vacuum 
will be found to prevail at the topmost measuring point 
of the draught tube. It is found that at the adjacent 
point of measurement the pressure head h is 
at its normal, or at a slightly higher value ; 
while at measuring point 3 completely normal 
pressure head prevails. 

An excessive increase in pressure or suction 
head will result in a full vacuum at point 2 or 
3, etc. Thus, by increasing the cavitation, 
the vacuum point can be made to change its 
place along the draught tube. By charting 
the prevailing pressure as function of the 
length of the draught tube, the diagram given 
in Fig. 2 is obtained, where the ordinate re- 
presents the length of the draught tube. The 
curves shown are the results of two tests made 
with different suction heads. The straight 
line characteristics indicate the negative 
pressure produced by the static suction head, 
the latter being taken as the distance between 
the centre line of the runner and the water 
level of the tail race. Because of the thrott- 
ling of the discharge from the draught tube 
the water level must be measured not in the 
tail race, but in the draught tube by means 
of the gauge provided for this purpose. 
The diminished suction head causes a fall 
in pressure at the wheel level. The 
smaljer suction head causes a drop in 
pressure at the wheel centre of Hs, = 


LENGTH OF DRAUGHT TUBE 





ABSOLUTE PRESSURE 


2 


& 


1:7, and the larger suction head a drop H;,, 

3-68 m. As the flow rate is known, the water velocity 
Cs? 

, can be computed for al] sections 





Cs, and with it 
2g 


Cs” 





of the draught tube. The characteristic is charied 
2g 
in Fig. 2. 

As the flow rate was practically identical in the two 
test runs, this curve may be applied to both of them. By 
superposing this curve over the static suction heads, 
the suction head curves h, and h, are obtained. The 
latter apply to the places in the draught tube where no 
cavitation exists, that is to say, where the draught tube 
runs full. The actual suction heads prevailing in the 
draught tube as ascertained by measurement are given 
by the curves h,’ and h,’. From the diagram it will be 
seen that with the lower suction head, almost full vacuum 
obtains at measuring point (1) located directly under the 
runner. At measuring point (2) the pressure has 
risen considerably and at point (3) it is even higher 
than f,. In its further course the actual pressure 
becomes coincident with curve hy. 

In the case of the higher suction head, it is seen from 
curve h,’ that almost total vacuum obtains at measuring 
point (2). After that the pressure rises fast and becomes 
gradually coincident with the curve f,. The rapid 
pressure rise in the draught tube must be ascribed to 
the probable existence of an impact section. A com- 
putation of the pressure increase in the impact section 
and of the resultant energy loss for the case of the 
larger suction head gives the following result : 

If the impact section is assumed to have the locus as 
shown in Fig. 2, then the distance from the lower water 
level is H;’—3-3 m and the velocity of flow in the impact 
section, if the latter runs full, iscs = 7-0m per second 

Ca" 


=2:-5m. If the efficiency of the 





corresponding to 
2g 
draught tube between impact section and outlet is 


P 
taken as 90 per cent, the pressure increase —— will be 


Y 
Ap Cs? 
determined by — + 7; — = Ha — Hs’, so that 
Y 2g 
MEASURING 
POINT 





or 


4, 


VACUUM 


Fig. 2. Characteristics of draught tube. 
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The velocity of flow c’, at the upstreamside of the 
impact section can be obtained from 
Ap Cs (Ca’ — €s) 


Y g& 
tes—D 
BT mm seemcnemmcmes 
9-81 


so that ca’ = 13-6 m. 


At the point of discharge from the runner, the 
velocity of flow ca will be smaller than ca’ as the flow 
undergoes an acceleration by the gravitational force 
between that point and the impact section. It is 


| a’ = V ca® + 2g (Hs — Hs’) and therefore 13-6 


V/ ca? + 2g (3°68 — 3-3) or ca =13-32 m per second. 


THE influence of chromium plating on the efficiency of 
lathe tools has been examined with regard to length of 


tool life, tool thrust, form of chip and quality of surface. 
_ All tests were carried out by turning with ordinary 


straight right-hand roughing tools. As only carbon 
steels and high speed steels can as yet be chromium 
plated, the following were selected as materials for the 
test tools :-— 
(1) High Speed Steel with 10 per cent W, 1-7 per 
cent V, -6 per cent Mo, ‘8 per cent C. 
(2) Carbon Steel with 1-2 per cent Cr, 1-1 per 
cent C. 
(3) Hard Metal. . 
There are two different methods of chromium 
plating referred to as chromium plating | or 2 in the 


following discussion which influence, in different ways, 


the cutting capacity of lathe tools. In chromium plating 


method | sulphuric acid is used as auxiliary acid, as can 
be seen from Table 1, whereas a mixture of hydro- 


fluoric acid and fluosilic acid is used for chromium 
plating 2. All other conditions for the process are 
the same ; however, chromium plating 2 results in a 
much finer grained crystal structure than chromium 
plating 1. The test tools were plated with layers of 
chromium 10 and 50 deep, so that the influence of 
the depth of the layer of chromium could also be 
examined. Table 2 shows the various materials 


selected for the test on account of their different 


technological and chipping qualities. In this way a 
“comprehensive and keen test for chromium plated lathe 
‘tools was obtained. 

The influence of chromium plating on lathe tools 
Was examined with regard to the following four pro- 


 perties :— 


(1) Length of life of tool— 
(a) Under conditions of high 
(b) Under conditions of wear. 
__(2) Magnitude of thrust withstood by the tool and 
influenced by the properties of the tool. 


(3) Form of chip as influenced by the properties of 
the tool. 


temperatures. 








(4) Quality of surface as influenced by the pro- 
‘Perties of the tool. 


INFLUENCE OF TEMPERATURE ON TOOL 
LIFE. 


|_, It was established that the hardness of the chro- 
um layers, which amounts to 750 to 800 Brinell 
r toom icmperature, drops to approximately one 


a 
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The computed velocity of flow below the annular 
discharge area of the wheel is 10-4 m per second. It 


10-4 





can therefore be concluded that or approx. 78 
per cent of the flow area are occupied by the water flow. 
The loss in energy caused by impact is found as 

(c’a — ¢s)? (13-6 — 7)? 
ht = wi = 
2g 2x 9-81 
In the test the head was 17 m and the efficiency was 73-5 
per cent. As the efficiency amounted to 84 per cent when 
cavitation was absent, the loss in efficiency caused by 
2-22 


2:22 m 





impact can be found as 





- 11 per cent. This 


agrees well with the measured efficiency loss of 84-73-5 
= 10-5 per cent. 


CHROMIUM PLATING OF LATHE TOOLS, ADVANTAGES AND LIMITS 


By H. SCHALLBROCH and W. HIELSCHER. (From Z.V.D.I., Vol. 88, No. 23-24, of 10th June, 1944. pp. 321-326). 


TABLE 1. 
CONDITIONS FOR CHROMIUN PLATING. 





Method Method 
1 2 





Concentration of liquid 300 g Cr O,/1 300 g Cr O,/1 





Auxiliary acid Sulphuric acid |Mixture of Hydro- 
fluoric acid and 


Fluositic acid. 





Quantity of auxiliary acid 1 per cent of quantity of Cr O, 
50 deg. C. 


40 A/dm? 





Temperature of liquid 





Density of current 





TABLE 2, 
TENSILE STRENGTH OF WORKING MATERIALS. 




















Tene Yield Elonga- 
Material. | ae = Point tion 
| ers j 2 Ov2 , | € 
| Oe kg./mm kg./mm* per cent 
Case-hardened Carbon 
Steel By me 41°6 2-22 31 
Cast Iron os re 23 —_— —_— 
Aluminium alloy 
Al—Cu—Mg 44 to 50 30 to 34 18 to 12 
Zinc alloy 
Zn—Al 10—Cu 2 .. 39 16 to 18 10 
Plastics .. a < 5 — —_— 





half to two-thirds of these figures at about 400 deg. C, 
so that their cutting capacity will cease. Chromium 
plated tools are serviceable for a short time only, at 
working temperatures of over 400 deg. C. If a rea- 
sonable length of tool life is required temperatures of 
about 300 to 350 deg. C. must not be exceeded. 

Under varying working conditions this limit varies 
to a certain extent, but it indicates an average value that 
should not be greatly exceeded under normal conditions. 

It follows that in practice only those materials should 
be machined with chromium plated lathe tools whose 
working temperature remains below the limit during 
the entire turning procedure. Fig. 1 shows the tempera- 
ture-rate of feed diagram for various materials used in 
the workshop, under working conditions as established 
during the test. Furthermore, Fig. 1 also shows the 
range of temperatures which are suitable for the em- 
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Fig. 1. Temperatures of various working materials. 


Dry cutting 
Depth of cuta = 1mm; feed S = :2 mm/rev. 


ployment of chromium plated lathe tools, and it can be 
seen that the following materials may be turned with 
chromium plated tools over the whole range of the rate of 
feed: plastics, brass, zinc alloys and a certain number of 
non-ferrous metals. 

Steel and cast iron can be turned at low rates 
of feed. This does not seem economical, however, 
as the increase of turning efficiency is too small to 
warrant the considerable expenditure of chromium 
plating. 

When applying the results shown in Fig. 1 to work- 
shop practice, the conditions under which these dia- 
grams were obtained must be considered. An in- 
creased size of the chip, particularly by means of 
increased feed, may result in higher temperatures 
beyond the established limit. In general, to ensure an 
economical use of chromium plated lathe tools the 
proven working conditions should not be varied, and 
care should be taken because even minute increases of 
temperature may result in a premature breakdown. 


INFLUENCE OF THRUST ON DURABILITY, 


The thrust during turning of metals amounts to 
between 5000 and 50,000 kg./cm? and induces the 
mechanically bonded layers of chromium to shift or to 
flake off. 

Although the influence of the thrust cannot be 
recognized so easily in the workshops as_ the 
influence of the working temperature, it was found 
expedient to fix the upper limit of thrust at which 
chromium plated tools could be worked for some time 
without losing cutting capacity. This was done in 
accordance with the rate of feed increase procedure as 
developed in the test plant for machine tools at the 
Technical University in Munich. This procedure 
prescribes a certain increase of feed in stages after certain 
cutting times and thereby increases the thrust on the 
cutting edge. In this way the beginning of the shifting 
or flaking of the chromium layer can be related to 
the main thrust. To avoid a falsification of the results 
by high temperatures, these tests were carried out at 
slow turning speeds. 

From the results of this test the upper limit of the 
admissible specific thrust was defined as ks=200 to 
250 kg./mm?. Naturally this limit as well as the limit 


temperature vary up or down according to working 
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conditions and to the quality of the chromium plating, 
It can, however, be considered as a reliable average 
figure. 

Fig. 2 shows the characteristics of various materials 
suitable for turning with chromium plated tools under 
consideration of the admissible thrusts. It can be seen 
that the same materials as in Fig. 1 appear to be most 
suitable (i.e., plastics, zinc alloys and light metals) for 
machining by chromium plated tools, whereas cast iron 
and steel are less if at all suitable. 
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Fig. 2. Thrust on various working materials. Working 


conditions identical to Fig. 1. 


WEAR TESTS. 


If chromium plated lathe tools are used mainly for 
turning plastics and non-ferrous metals of low tensile 
strength, they will break down slowly through wear and 
not suddenly because of high temperature. _ It is there- 
fore necessary to examine the reaction of chromium 
plated cutting edges against wear. ; 

Among the various possible changes in configuration 
of the cutting edges through wear, the decrease of the 
top rake plane was selected as a criterion, and the in- 
crease in the width B of the worn surface on the rake 
plane with the longer working time T’ was taken as the 
measure of tool wear. 

In turning an aluminium alloy the greatest weal 
resistance was shown by an edge of high speed steel, 
not chromium plated. Next best were chromium 
plated carbon steels, whilst plain carbon steel was found 
to have the shortest tool life. } 

It has been observed that a lowering of the working 
temperature and a decrease of the thrust resulted in 
longer service life. The importance of the use 0 
coolants was thereby proved. For instance, ™ 
turning an aluminium piston alloy containing silicon 
with chromium plated tools of carbon steel—admittedly 
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under especially favourable working conditions—the 
length of life could be extended 25 times by the use of 
a rapidly cooling liquid. Even cast iron could be 
turned advantageously by using the same coolant. 

Tools chromium plated by method 2 have shown 
greater wear resistance than tools plated by method 1, 
which is apparently due to their finer grain. 

In turning non-ferrous metals and plastics, thicker 
layers up to 50 have proved preferable, because they 
protect the tool longer from the wear effect of the work- 
ing material. The reason for this fact, which is in con- 
trast to previous examinations made with 50y layers, 
seems to be the choice of the working materials of low 
working temperatures and thrusts. Layers of more than 
50. cannot be recommended because of the amount of 
chromium massed at the edges, and corners of the tool 
may crack or become brittle. 


MAGNITUDE OF MAIN THRUST. 


The thrust on chromium plated tools is lower than 
that on other tools. The figures of carbon steel and 
high-speed steel as revealed by the electric thrust gauge 
applied to an unused cutting edge, i.e., at working time 
Ti = O, are 10 to 20 per cent lower for chromium 
plated tools, and increase less with increasing cutting 
time compared with plain tools. 

The cause of the low thrust at T! = O is the low 
friction coefficient of the chromium layer and its smooth 
non-porous structure. The comparatively slow in- 
crease of thrust during the working period is caused by 
the comparatively high wear resistance of chromium 
plated edges. Other tests have proved that minor wear 
causes minor alterations of thrust. An increase in 
thrust during working times is undesirable, as thin 
workpieces will increasingly be shifted from their 
original position, which will result in a faulty shape of 
the surface to be turned. 


FORM OF CHIPS. 


Chromium plated tools cut long continuous 
chips which are less desirable than the smooth and short 
chips cut by plain tools. This is because of lesser 
bulging on account of less friction of chromium. For 
the same reason the chips are less brittle. 

In order to obtain a high quality of the working sur- 
face, the edges and the back of the chips should be very 
smooth. No conclusion could be drawn in this respect 
as the backs and edges of chips cut by chromium plated 
tools during the test varied considerably in their 
smoothness. 

The cutting edge should be as small as possible to 
prevent premature tearing of the working material 
opposite the cutting edge of the tool, and to obtain 
a more uniform accuracy and higher quality of the 
surface. Due to the low friction of the smooth, non- 
porous chrome layer, little or no tendency to tearing was 
observed. This tendency, however, became more 
marked with increasing wear of the chromium layer. 


QUALITY OF THE WORKING SURFACE. 


It has been found that the quality of the machined 
surface improves with the wear resistance of the tool. 
Naturally, working surfaces of high quality could be 
obtained with plain tools; but under prevailing con- 
ditions the use of chromium plated tools with greater 
Wear resistance made it easier to produce a satisfactorily 
machined surface. 


EFFECT OF THE TOOL MATERIAL ON THE 
QUALITY OF CHROMIUM PLATING. 


Before the tests were begun, all the tools were 
‘amined under the microscope, and two basically 
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different kinds of faulty plating were defined :— 

(1) Chromium surfaces improperly deposited, e.g., 
dull and rough chromium layers, many chromium 
beads on the cutting edge, etc. 

(2) Perfect layers of chromium, but mechanically 
damaged by grinding or honing resulting, e.g., in 
crumbled edges. 

Faulty chromium layers mostly result in flaking off 
in larger pieces during the turning process. In this 
way the tool loses its protecting coating, and its length 
of life is considerably shortened. Still shorter was the 
length of life of mechanically damaged tools. In neither 
case was there a longer life observed than that of plain 
tools, but there was often quicker wear. 

A premature wear or cracking of the chrome layer 
was observed on plated high-speed tools, whereas plated 
carbon steels always showed favourable results. Chro- 
mium plated tool steels showed 2 to 11 times longer 
life, whereas the length of life of plated high-speed steels 
under identical working conditions was considerably 
shorter, and in extreme cases, even shorter than the life 
of plain tools. 

It is therefore recommended to test the various 
materials as to their suitability for chromium plating. 


SUMMARY. 


The tests have shown that through chromium 
plating, the life of lathe tools can be extended on an 
average from 2 to 5 times, and with suitable working 
materials from 8 to 11 times. The use of coolants 
results in an improvement of the cutting capacity. 

Different methods of chromium plating will vary 
the cutting capacity. 

hromium plating improves the cutting properties ; 
but the shape of the chips produced is not so desirable. 

The limits of chromium plated tools: 300 to 
350 deg. C. working temperature and 200 to 250 kg./mm? 
thrust must be observed strictly. 

Not all tool materials are equally suitable for 
chromium plating. 

It remains to be determined whether equally good 
results can be obtained under less well defined condi- 
tions in workshops. 

hromium plating can be recommended where 
suitable working materials are to be machined. 
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A NEW ELECTRIC CLUTCH WITH SMALL INERTIA. 


By D. S. DE LAvauD and Cu. MILDE. 


THE ordinary friction clutch as used in vehicles 
driven by internal combustion engines has two prin- 
cipal shortcomings : when the slip is zero, irregularities 
in the operation of the motor are entirely transmitted 
to the driving wheels and thus to the body of the 
vehicle while on the other hand irregularities in the 
path of the vehicle are transmitted to the motor ; 
secondly, when slip occurs the linings of the clutch are 
subject to considerable wear. 

These two shortcomings do not occur in the opera- 
tion of hydraulic or electric clutches of which the latter 
has the additional advantage of being light enough for 
use in ordinary motor cars. 

Fig. 1 shows a schematic sketch of the electric 
clutch. This consists of two parts, a ring rigidly con- 
nected to the shaft of the motor and a disc of U-shaped 
cross section rigidly connected to the shaft of the gear 
box. The ring is made of soft steel and carries an 
annular winding whose magnetic axis coincides with the 
axis of the clutch; the air gap in the outer part of the 
ring points towards the gear box. The disc is made of 
non-magnetic material and carries on its circumference 
a number of steel bars mounted at equal distances 
perpendicular to the main plane of the disc, i.e., parallel 
to the axis of the clutch. These bars rotate in the 
air gap of the ring; thus, no mechanical coupling 
exists between the two halves of the clutch. 

When the induction coil is energised by a direct 
current a magnetic flux through the air gap of the ring 
is established and the steel bars of the disc, placed 
as they are in the air gap, become radially magnetised ; 
however, no torque can as yet be transmitted from the 
ring to the disc. To achieve this, two squirrel cage 
windings, each consisting of a large number of bars are 
placed in the outer and in the inner jaw of the ring, 
respectively. Thus, if the magnetised bars of the 
disc move relative to the conductors of the squirrel 
cages. mounted on the ring, an e.m.f. is created in the 
squirrel cage windings and the resulting currents tend 
to oppose the movement of the disc. 

If, without going into detail, the function of the 
clutch is analysed it will be seen that, as the squirrel 
cage windings form a polyphase system, the magnetic 
flux in the induction coil remains constant and that 
therefore, the magnetic potential and flux produced 
by a given excitation remains constant ; in other words, 
that the mean value of the latent magnetic energy 
remains constant. 

The heat generated by the currents induced in the 
squirrel cage windings is, therefore, entirely due to the 
mechanical energy dissipated in the clutch and is 
proportional to the product of the angular slip between 
the driving and the driven shafts on the one hand and 
the torque transmitted by the clutch on the other. 

If the problem is approached mathematically, and 
simplified by the assumption that the magnetic circuit 
is not saturated and that the coefficient of induction 
remains constant, a circle diagram can be evolved which 
will show all the characteristics of the clutch. From 
this diagram it will be seen that with increasing slip the 
torque at first increases and, after having reached 
a maximum, decreases again. The slip at which the 


(From Le Génie Civil, Vol. 122, No. 14, July, 1945, p. 110). 
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Fig. 1. Schematic view of the electric clutch. 


transmitted torque reaches its highest value is deter- 
mined by the ohmic resistance of the squirrel cages; 
the smaller the resistance the smaller is the slip at 
which the maximum torque occurs. 

These properties of the electric clutch are not 
entirely satisfactory, especially not for its use in motor 
cars. However, improvements have been achieved 
by making use of various other factors. Thus it is 
known, for instance, that the ohmic resistance of the 
squirrel cage windings is not constant but that it in- 
creases with the frequency of the induced e.m.f. due 
to the skin effect; a careful choice of the magnetic 
saturation, of the shape and the number of the bars 
on the disc, and of the number of the conductors of the 
squirrel cages made it possible to make use of the skin 
effect to increase the torque at larger slip values as it is 
necessary if the clutch is to be used for motor cars. 

A valuable property of the electric clutch is the fact 
that the parts with the greater inertia, i.e. the largest 
part of the magnetic circuit, the induction coil and the 
two squirrel cages form mechanically one unit which is 
rigidly connected to the motor and which thus can 
assume the functions of a fly wheel. On the other 
hand, the part connected to the gear box and thus to the 
driving wheels carries only the steel bars and _ has, 
therefore, only a relatively very small inertia, an essential 
requirement for a clutch used in a motor car. Another 
advantage is that the clutch can be easily and instantly 
operated by interrupting the magnetising current, a 
property which is of prime importance when changing 
gear. It also can stand short overloads without undue 
heating as the dissipation of heat takes place in a part 
of relatively great thermal inertia. Finally, this clutch 
requires not more space than an ordinary friction clutch 
which makes its actual installation on all types of 
vehicles practicable. 








